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ABSTRACT

Benzo(a)pyrene (BaP), which is carcinogenic and mutagenic in mammals, exists worldwide in the marine
environment. Sources of this polycyclic aromatic hydrocarbon include oil spills, industrial effluents, and
atmospheric fallout. This study is the first to examine the effects of BaP on the embryonic development of a
teleost, the California grunion. Gametes were stripped from spawning adults. and eggs were artificially fer-
tilized. The fertilized eggs were then incubated for up to 14 days with initial concentrations of BaP ranging
from 0 to 869 ppb. Steady-state tissue ievels of BaP ranged from 0.46 to 19.92 ppm, which represented
bioaccumulation factors of 146-437 times the steady-state BaP concentrations in seawater. When compared
with controls, embryos exposed to initial BaP levels of 24 ppb or greater showed decreased hatchings,
reduced notochord lengths, and increased morphological abnormalities. These results suggest that exposure
of grunion embryos to BaP in contaminated areas may lead to their decreased survival.

Benzo(a)pyrene (BaP) is one oil constituent com-
monly found in marine sediments and organisms
(ZoBell 1971; Neff 1979). This polycyclic aromatic
hydrocarbon is introduced into the ocean via oil
spillage, offshore drilling leaks, industrial effluents,
runoff of asphalt roads, creosoted pilings, and at-
mospheric fallout (Andelman and Suess 1970; Dunn
1976; Puffer et al. 1979). Because BaP exhibits toxic,
mutagenic, and carcinogenic properties in mammals,
one might infer that it could also exert detrimental ef-
fects on fish populations (Heidelberger 1975; Miller
1978). Such effects could lead directly to a decrease
in a valuable food source and pose a public health
problem in the consumption of contaminated
seafoods (Dunn and Fee 1979).

Awareness of significant BaP contamination in the
marine biota has led to research on adult stages (Lee
etal. 1972; Puffer et al. 1979) and, more recently, the
sensitive embryonic-larval stages of fish (Hose et al.
1981, 1982). Grunion are particularly suitable for
such a study because their embryonic developmentis
well documented and they are easily reared in cap-
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tivity (David 1939; Ehrlich and Farris 1971).
Furthermore, grunion spawn on sandy beaches
where developing eggs remain in the sand until the
tide uncovers, agitates, and stimulates the eggs to
hatch (Walker 1952). During this time, the develop-
ing eggs may be exposed to BaP. Therefore, we have
undertaken this study to examine the effects of BaP
on the early life history of California grunion,
Leuresthes tenuis.

MATERIALS AND METHODS

Decontaminated seawater (sterilized, free of detect-
able BaP and particulate matter) was obtained by ex-
posure of Los Angeles Harbor water to direct
sunlight for 1 wk. Photooxidation by sunlight
resulted in the breakdown of contaminating BaP to
noncarcinogenic byproducts such as phenols and
quinones (National Academy of Sciences 1972).
Seawater exposed to sunlight was filtered through
Whatman No. 5 filters to remove large, particulate
matter and then sterilized by ultraviolet light. Water
was maintained at a salinity of 31-32 %o, a pH of 7.7-
7.9, and a temperature of 20.0°-21.5°C.

BaP was dissolved in acetone, mixed with decon-
taminated seawater, and stirred for 24 h. The added
concentrations of BaP in seawater were 5, 10, 100,
500, 1,000, and 5,000 ppb. The final concentration of
acetone in the control and BaP-treated groups did
not exceed 0.04%. Spawning California grunion were
collected at Redondo Beach, Calif. Gametes were
stripped and artificially fertilized in BaP-free, decon-
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taminated seawater. One hour after fertilization,
three replicates of 25-35 eggs for each treatment
level were placed in glass incubation jars (12.8 X 5.4
cm) which were wrapped with black tape and aerated
with Pasteur pipettes connected to air pumps. Each
jar contained 100 ml of decontaminated seawater to
which various levels of BaP had been added as de-
scribed above. In all cases, sand was excluded as an in-
cubation medium. Dissolved BaP concentrations
were measured when the California grunion eggs
were introduced into the glass jars and on alternate
days until day 15, using fluorescence spectroscopy
(365 nm excitation, 405 nm emission) (Felton et al.
1982). Seawater samples (2 or 4 ml) were analyzed by
Aminco-Bowman spectrophotofluorometer sensi-
tive to 2 ng BaP.

Hatching and morphological abnormalities were
observed and photographed at intervals over a 14-d
period using a Wild M5 dissecting microscope and a
Zeiss® photomicroscopy attachment. The signifi-
cance of arc sin-transformed percentages of abnor-
malities was tested using analysis of variance
followed by the Student-Newman-Keuls multiple
range test (Sokal and Rohlf 1969). Notochord length
of embryo and yolk-sac larvae was measured using a
calibrated ocular micrometer. Notochord length was
defined as the distance from the tip of the snoutto the
tip of the notochord before flexion and was always
measured on the left side of the embryos and larvae.
Deformed, circular-shaped embryos were measured
from the posterior tip of the deformed notochord to
the opposite side of the embryo, and this diameter
was used to calculate the circumference which was
considered to be equal to the notochord length. All
values were recorded to the nearest 0.1 mm. Dif-
ferences were tested using analyses of variance and
the Student-Newman-Keuls test.

To measure accumulation of BaP by California grun-
ion embryos, two additional series of incubation jars
were prepared containing similar BaP concen-
trations and to which was added a small amount (6.7
nCi) of (a7, 10-*C) benzo(a)pyrene (Amersham/
Searle Corp., Arlington Heights, Ill.; 21.7 mCi/mmo],
99% chemical and radiochemical purity). On alter-
nate days, three replicate samples of two eggs each
were taken from the “C-BaP series to measure BaP
accumulation using the method of Hose et al. (1981).
Radioactivity was measured using a Beckman LS250
scintillation counter with an efficiency of 80% at 4°C.
Total radioactivity was calculated using a series of
solubilized embryos as the quenched standards.

*Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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RESULTS

BaP Determinations

Added BaP levels of 5, 10, 100, 500, 1,000, and
5,000 ppb to seawater yielded initial BaP concen-
trations in the incubation jars of 4, 7, 24, 297, 361,
and 869 ppb, respectively, when measured at time
“0” when the California grunion eggs were in-
troduced into the jars. Dissolved BaP levels declined
thereafter with a half-life of 3.010.1 d (x£SD) until
steady-state levels of 24 ppb (361 ppb initial), 9 ppb
(297 ppb initial), 5 ppb (24 ppb initial), 3 ppb (7 ppb
initial), and 2 ppb (ppb initial) were reached within 4-
10 d (Fig. 1). Stable BaP levels occurred most rapidly
at lowest doses, while BaP concentrations in jars
receiving the highest initial dose of 869 ppb de-
creased throughout the experimental period and did
not achieve steady-state.

Accumulation of “C-BaP

The amount of BaP plus its metabolites in each egg
corresponding to measured '*C increased from day 1

BENZO(APYRENE CONCENTRATION  (ppb)

DAY

FIGURE 1.—Dissolved benzo(a) pyrene (BaP) concentrations follow-
ing addition of 5-5,000 ppb BaP during the 14-d incubation period
for the California grunion.
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to day 3 in direct proportion to initial BaP concen-
trations and remained at steady-state levels thereaf-
ter for all groups except those exposed to an initial
BaP dose of 297 ppb (Fig. 2). In embryos from this
group, levels of BaP plus its metabolites increased
throughout the exposure period (R = 0.882, 5 df,
P<0.01). At day 15, BaP concentrations in treated
embryos ranged from 0.459 (4 ppb initial) to 19.918
(869 ppb initial) ppm wet weight (Table 1). Tissue
burdens from the initial BaP concentrations corre-
sponded to bioaccumulation values of 127 to 23.
Bioconcentration factors of 146-437 over steady-
state BaP levels were measured.

Hatching

Hatching results are shown in Table 2. Low-level ex-
posure to initial concentrations of BaP (4 and 7 ppb)
had no significant effect (P>0.05) on the hatching
abilities of exposed California grunion embryos,
compared with the controls, However, with initial
concentrations of 24 ppb and greater, significant dif-
ferences (P<0.05) were observed between the con-
trol and experimental groups. At 24 ppb, 78% of the
California grunion hatched, as compared with an
average 95% hatching success in the controls. At297
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FIGURE 2.—Amount of benzo(a)pyrene (BaP) per California grun-
ion egg corresponding to accumulated radioactivity (6.7 nCi'*C-
benzo(a)pyrene/ug BaP) during the 14-d incubation period. Initial
dissolved BaP concentrations ranged from 0 to 869 ppb. Values
shown are mean + standard deviation.

TABLE 1.—Tissue burdens of benzo(a) pyrene (BaP) and bioaccumulation factorsin 15 d-old Califor-
nia grunion embryos.

Initial BaP
concentration Embryo BaP concentration! Bioconcentration factor
of seawater Wet weight Dry weight initial BaP leveil Steady-state BaP
{ppb} {ppm) {ppm) in seawater level in seawatar
4 0.459+0.002 3.02110.076 12743 24116
7 0.5694+0.026 3.911x0.173 81x4 21413
24 0.922+0.079 6.872+0.586 38%3 200417
297 1.37410.098 10.232%0.731 50 14629
361 10.480+2.266 62,798+13.521 3518 437194
869 19.918+2,700 112.0341215.164 23+3 —2
%+8SD, n= 5.

2Steady-state concentration not reached during study.

ppb only 6% of the California grunion hatched. After
being exposed to 361 ppb BaP, only two of 95 larvae
hatched, and both were abnormal. No eggs hatched
after exposure to initial BaP concentrations of 869
ppb. Of those eggs which hatched on day 10,99% had
been exposed to 0 and 4 ppb initial BaP concen-
trations, 94% had been exposed to 7 ppb BaP, and
92% had been exposed to 24 ppb. All other hatchings
occurred by day 13.

Abnormalities

There was significant difference (P<0.05) between
percent of abnormalities in yolk-sac larvae in the con-
trol groups and those in groups exposed to initial BaP

TABLE 2.—Percent hatching of California grunion
eggs exposed to increasing BaP concentrations.

Initial BaP Egge
concentration Total No.
{ppb) no. hatched % hatched’
4] 88 84 95.445.5
4 87 81 93,3128
7 92 83 90.3+11.2
24 84 65 78.1%£8.2
297 81 5 6.2+£6.0
361 96 2 2.1%1.8
869 90 0 0o+0
138D, n = 3.

concentrations of 24 ppb or greater (Table 3). Of
hatched larvae exposed to 24 ppb BaP, almost 20%
were abnormal, over twice the number of abnor-
malities found in the control group. From solutions

475



TABLE 3.—Percent of California grunion yolk-sac larvae
with developmental abnormalities when exposed to in-
creasing concentrations of BaP.

Eggs hatched

Initial BaP No. with % with
concentrations develop | devel
{ppb) No. asbnormaliti abnormalities!
) 84 8 9.4+3.4 (3)
a 81 7 8.8+2.8 (3)
7 83 13 16.5%7.6 (3)
24 65 13 20.0£2.4 (3)
297 5 2 41.6£11.8 (2)?
361 2 2 100.0£0 (22
869 (1] V] 0
1%£SD (n)

2No eggs hatched in one replicate of these series, therefors n =

containing 297 ppb BaP, 42% of the yolk-sac larvae
were abnormal.

Gross abnormalities observed in yolk-sac larvae ex-
posed to 24 ppb BaP included lateral foldings of the
posterior one-fourth of the tail, absence of caudal fin
folds, and hemorrhagic lesions or congested vascula-
ture in the caudal region (Table 4).

In contrast, development of embryos exposed to 24-
361 ppb BaP for 14 d was retarded and resembled
that of the normal embryo at 2.5 and 5.5 d of age (Fig.
3a, b) (David 1939). Abnormalities included 1)
malformed tails with congested vessels or
hemorrhage, 2) sporadic heartbeat resulting in inter-
mittent blood flow, 3) head displacement in relation
to the yolk sac, and 4) lack of melanophores near the
lateral line above the intestinal tract.

Embryos exposed to 869 ppb BaP for 14 d
resembled normal embryos at 1.2-2.5 d of age (David
1939). However, affected embryos had a lateral cur-
vature midbody with occasional melanophores found
on the trunk. In general, those embryos with shorter
notochord lengths were observed to have yolk sacs
much larger than those of the controls.

TABLE 4.—Abnormalities observed in California grunion yolk-sac
larvae and embryos exposed to increasing concentrations of BaP.

BaP
exposure
{ppb) Abnormatity
Yolk-sac 24 Lateral folding of posterior fourth of tail.

larvae Absence of caudal finfold,
Congested vasculature on caudal region.

14-d-old embryo retarded in growth (resembled nor-
mal embryo growth at 1.5-5.5 d of age).

Sporadic heart beat

Displ of head in rel. to yolk sac.

Absence of melanophores near lateral lines,

Absence of lens formation.

Lesions as in larvae (above).

869 14-d-old embryo retarded in growth {resembled nor-
ma! embryo growth at 1.2-2.5 d of age).

Lateral curveture midbody.

Absence of melanophores (except in trunk region).

Unused yolk sac.

Lesions as in larvae (sbove).

Embryos 24-361
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Notochord Length

Notochord lengths (NL) of embryos and yolk-sac
larvae are shown in Figure 4. Larvae which hatched
after exposure to initial levels of BaP up to 361 ppb
were not significantly different from controls in
length (P>0.05). Shorter notochord lengths were ob-
served in embryos exposed to BaP concentrations
>7 ppb (P<0.05). Upon hatching, the mean
notochord length of the control larval group was 5.8
mm, while embryos of the same age exposed to 24
ppb BaP averaged 4.0 mm NL.

DISCUSSION

Toxic and teratogenic effects of the carcinogen BaP
on developing fish were studied by incubating em-
bryonic stages of California grunion to increasing
concentrations of BaP. Eggs were hatched in
seawater alone, although California grunion eggs are
normally incubated in sand. David (1939) concluded
that there was probably no special adaptation of em-
bryo metabolism to sand incubation, and speculated
that spawningin the sand was a mechanism to protect
eggs from predation. Incubation in seawater without
sand permitted optimal observation of embryonic
development with minimum disturbance. Also, ex-
clusion of sand reduced the possibility of fungal and
bacterial overgrowth and eliminated any possible
contamination and influence by sand and/or sand-
absorbed materials, as well as eliminating a large,
potentially adsorptive surface for BaP. Preliminary
trials resulted in a hatching rate of 90-100% in our
laboratory, comparable to values previously report-
ed (David 1939; Hubbs 1965).

Because of the low solubility of BaP in seawater, it
was necessary to select a solubilizing or dispersing
agent to create a uniform distribution (Davis et al.
1942; Wilk and Schwab 1968; Neff 1979). Such an
agent could affect early development by acting in an
additive or synergistic manner with BaP. Solvents
examined in preliminary studies were benzene,
Triton X-100, trioctanoin, and acetone, all of which
caused observable alterations except for acetone in
low concentrations. Triton X-100 and trioctanoin
proved lethal, whereas the carcinogen benzene in-
duced tail malformations. The validity of utilizing a
solvent to distribute high levels of BaP in seawater
can be compared with the not-uncommon situation in
nature whereby lipophilic compounds are solubilized
by contaminating substances such as detergents or
oils, Also, certain solvents in which BaP is soluble,
such as benzene, toluene, and xylene, are present in
varying quantities in crude and refined oil. However,
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it should be emphasized that this study was not un-
dertaken to duplicate field conditions of environ-
mental exposure of California grunion eggs
incubating in contaminated sands, although our
results suggest that such studies are warranted.
Another difficulty was the decline of dissolved BaP
over the 2-wk span in which the embryos were ex-
posed (Fig. 1). This decline occurred despite pre-
cautions such as wrapping the jars to prevent

FIGURE 3.—California grunion incubated in decon-
taminated seawater, 14-d postfertilization: a) newly
hatched larvae, with no benzo(a) pyrene (BaP) present
(control) (90X); b) embryos, initially containing 24
ppb BaP (540X).

photooxidation and opening the jars for daily inspec-
tion only under subdued light filtered free of ul-
traviolet wavelengths which degrade BaP. Loss of
BaP could be caused, perhaps, by oxidation and
adherence to glass, in addition to the uptake and
metabolism of BaP by the embryos themselves.
Felton et al. (1982) demonstrated that 16-20 ppb of
crystalline BaP could be dissolved with agitation.
This concentration could not be maintained,
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FIGURE 4.—Mean notochord length of California grunion embryos
(slashed bars) and yolk-sac larvae (black bars) after 14-d incubation
in seawater containing 0-5,000 ppb benzo(a)pyrene. Vertical lines
= SD; numbers in parentheses = total no. embryos or larvae.

however, without continued addition of BaP; in fact,
it decreased to about 1 ppb after several hours. Ad-
ditional BaP dissolved in ethanol resulted in levels
that decreased to near zero in 24 h. Struhsaker
(1977) reported a similar difficulty in maintaining a
stable concentration of benzene in seawater and at-
tributed this to the volatility of benzene.

Because the uptake of polycyclic aromatic hy-
drocarbons occurs primarily via the aqueous BaP
fraction, rather than by direct accumulation from sur-
rounding sediment (Roesijadi et al. 1978), the ex-
posure of grunion eggs to BaP in these experiments
may simulate what occurs in the natural environ-
ment. For example, an oil spill may result in initially
high concentrations of hydrocarbons, but photoox-
idation, adsorptioninto sediments and water-column
particulates, and tidal action will decrease the con-
centrations of various oil constituents (such as BaP)
overtime. We have periodically monitored unfiltered
waters of the Los Angeles Harbor for BaP concentra-
tion during the period 1977-81. Levels of BaP fluc-
tuated from below the limit of detectability (<0.1
ppb) up to 5.4 ppb (Puffer et al. 1979). Niaussat and
Auger (1970) have reported levels of 1.6 ppb BaP in
seawater collected from a remote, isolated atoll in the
eastern tropical Pacific Ocean. BaP levels in sand
collected offshore of Cabrillo Beach in the Los
Angeles Harborranged from 223t0471 ppb (Duncan
and Puffer 1982) and as high as 18,000 ppb in
sediments from the inner Los Angeles Harbor
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(Gossett et al. 1983). Concentrations of BaP in
sediments worldwide have ranged from nondetect-
able levels up to 15,000 ppb (Neff 1979). This sug-
gests that embryos may be exposed to high levels of
BaP in interstitial water during incubation in sand.
As there were no prior studies regarding the effect of
BaP onearly grunion development, we utilized a wide
range of BaP concentrations to achieve various tissue
burdens. This not only reflects the broad range of ex-
posure in nature, but also affords an opportunity to
assess the sensitivity of eggs incubated under con-
trolled conditions in seawater containing various
concentrations of BaP and to correlate observed ef-
fects with known tissue BaP levels in embryos.

The extent of BaP uptake by California grunion em-
bryos was directly proportional to initial and steady-
state BaP concentration in seawater. By day 15, em-
bryos accumulated BaP at levels 146-437 times the
steady-state BaP concentration in seawater.

Comparative BaP bioaccumulation factors range
from 5,142 to 21,000 for rainbow trout alevins and
flatfish larvae, respectively (Hose et al. 1981; Han-
nah et al. 1982) and 861 for the clam Macoma in-
quinata (Roesijadi et al. 1978). While Hannah et al.
(1982) noted an increase over time in BaP concen-
trations in embryonic rainbow trout, tissue BaP
levelsin California grunion remained essentially con-
stant from day 3 to day 15. Eldridge et al. (1978)
demonstrated that tissue levels of benzene in Pacific
herring, Clupea harengus pallasii, reached equilib-
rium within 6-12 h at 11 times the initial water con-
centration. Steady-state tissue levels of BaP
probably represent an equilibrium between pollu-
tant absorption, embryonic metabolism, and excre-
tion of the more hydrophilic metabolites (Binder and
Stegeman 1980).

The observed alterations in development of Califor-
nia grunion exposed to BaP include 1) hatching, 2)
abnormalities, and 3) reduction of notochord length.
The earliest consequence of egg exposure to BaP was
areduction in hatching rate. Initial concentrations of
BaP >24 ppb caused a significant mortality of yolk-
sac larvae. These results are consistent with those
reported by Ernst et al. (1977) who showed a 25/25
(100%) hatching rate of Fundulus grandis eggs ex-
posed to 1.1 ppm water-soluble fraction of No. 2 fuel
oil, a 4/25 (16%) hatching rate when exposed to 2.2
ppm, and 0/25 (0%) when exposed to 4.4 ppm. BaP
has long been known to be embryo toxic in rodents
(Rigdon and Rennels 1964) and more recently in
sand sole, Psettichthys melanostictus, (Hose et al.
1982) and following maternal exposure in flathead
sole, Hippoglossoides elassodon, (Hose et al. 1981).
Furthermore, petroleum hydrocarbons, including
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BaP, can alter the duration and time of teleost hatch-
ing (Ernst et al. 1977; Leung and Bulkley 1979; Han-
nah et al. 1982). Normally, hatching of California
grunion eggs occurs in 10-14 d. Since most hatched
eggs in this study did so on day 10 and no later than
day 13, no effect was noted on duration and time of
hatching of California grunion eggs. The dramatic
and significant effect was on hatching rate.

The second effect noted was increased abnor-
malities of the developing yolk-sac larvae embryos.
Of those yolk-sac larvae observed, 20% had a mid-
body lateral curvature when exposed to 24 ppb BaP
or greater, as compared with 9% of the controls. Vas-
cular abnormalities observed in embryos included
stasis in yolk-sac vessels, apparent hemorrhages in
the caudal regions, intermittant heart beat, and dis-
tinctly underdeveloped bodies with nonutilized yolk
hydrocarbons (Ernstetal. 1977; Lonning 1977), par-
ticularly BaP (Hose et al. 1981, 1982; Hannah et al.
1982). Depressed heart rates of fish embryos treated
with high levels of petroleum hydrocarbons have
been attributed to inhibition of metabolism and/or
neurotransmission (Whipple et al. 1981) and can
result in partial or complete mortality (Anderson et
al. 1977).

The third response observed in California grunion
embryos exposed to BaP was reduction in notochord
length. The notochord length of embryos exposed to

24 ppb BaP averaged 70% of that of controls. At 297

ppb BaP or greater, the notochord length of affected
embryos was generally <50% of the notochord
length of the control group. Retarded growth was also
evident in rainbow trout alevins reared in 0.08-2.99
ppb BaP (Hannah et al. 1982) and may result from
the inhibitory effects of polycyclic aromatic hydro-
carbons on DNA synthesis (Santodonato et al. 1981)
and, hence, mitosis {(Bourne and Jones 1973; Kocan
et al. 1981).

At the end of 14 d, embryos exposed to initial con-
centrations of 24-297 ppb BaP resembled normal
embryos at 2.5-5.5 d of development. This retarded
growth was characterized by a lack of lens formation,
absence of caudal fin folds, and a reduced number of
melanophores. However, there was one exception to
this trend of slow development: The pectoral fins of
embryos treated with 24-297 ppb BaP appeared to
be of normal size and maturity, whereas all other as-
pects of embryo development seemed severely
delayed. Irregular cleavage and retarded develop-
ment in oil-treated fish embryos have been previous-
ly described (Lonning 1977), and assessment of the
developmental effects of petroleum hydrocarbons on
marine fish eggs has been reviewed by Kuhnhold
(1977). These include sublethal effects such as

chromosomal aberrations and morphological
anomalies as well as direct toxicity (Rosenthal and
Alderdice 1976). Toxic hydrocarbon levels reported-
ly correlated with mitotic errors in eggs of Atlantic
mackerel, Scomber scombrus, (Longwell and Hughes
1980). Anderson et al. (1977) also noted lack of
pigmentation in estuarine killifish, and a histological
examination of Fundulus grandis embryos exposed
to the water-soluble fraction of No. 2 fuel oil revealed
pathological lens, liver, kidney, and epthelial tissues
(Ernst et al. 1977).

In summary, the effects observed in California
grunion embryos exposed to the carcinogen BaP
were threefold: Decreased hatching rates, increased
number of morphological abnormalities, and short-
ened notochord lengths. These grossly visible
alterations would be detrimental to the potential
growth and survival of fish in the wild (Rosenthal and
Alderdice 1976). The number of fish reaching
adulthood would decrease directly as a result of the
lethal effects of BaP on embryos and indirectly as a
result of decreased ability of affected fish to elude
predators. Also, short-term observations such as
these do not address the problem of carcinogenesis,
although recent experiments have demonstrated
that the polycyclic aromatic hydrocarbon, 7,12-
dimethylbenz(a)anthracene, is tumorigenic in
freshwater fish (Schultz and Schultz 1982).

Itis predicted that BaP will increase in the environ-
mentunless restrictions can be imposed uponits pro-
duction. However, reduced production of BaP is
unlikely, as this compound is an unavoidable by-
product of incomplete combustion and petroleum
usage (National Academy of Sciences 1972).
Therefore, the results of our experiments indicate
that the short- and long-term effects of BaP on the
developmental stages of fish and other marine life
warrant further investigation.
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